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ABSTRACT OF THE DISCLOSURE 
A process for the polymerisation of at least one cyclic 

ole?n containing 4, 5 or 7 or more ring carbon atoms in 
the substantial absence of polar compounds and under 
non-oxidising conditions comprises contacting the said 
ole?n(s) with a catalyst comprising 

(a) a halide or oxyhalide of molybdenum or tungsten, 
wherein the oxidation state of the metal is 4, 5 or 
6 and 

(b) an aluminium trihalide 

In one embodiment, polymers having 50% or more of 
the chain carbon atoms contained in isobutylene units are 
obtained by the polymerisation of cyclic ole?ns. 

The invention relates to a process for the production of 
unsaturated polymers and copolymers from cyclic ole?n 
monomers. 

The ring opening polymerisation of such monomers has 
been described in British patent speci?cation Nos. 1,062, 
367 and 1,043,360. 
In the process described and claimed in speci?cation 

No. l,062,3 67 the catalyst comprises a mixture of a 
molybdenum or tungsten salt, an organometallic or metal 
hydride compound of a Group II or Group III metal and 
molecular oxygen or oxygen-containing compound having 
an oxygen-oxygen or oxygen-hydrogen bond. 
The process described and claimed in speci?cation No. 

1,043,360 employs a Friedel Crafts catalyst such as AlCl3 
or TiCl4, an oxidising agent such as CuCl2, FeCl3, PbCl, 
or PbNOs and advantageously includes traces of water 
or alcohols in the reaction mixture. 
The product of the process of 1,062,367 is a rubbery 

hydrocarbon-soluble material whereas that of 1,043,360 
is a hydrocarbon-insoluble, predominantly crystalline 
product and it is clear that the catalyst systems function 
differently in each case. 
The present application discloses a simple process which 

enables polymers to be produced from cyclic ole?ns with 
out using metal alkyls, alkyl halides, or hydrides or oxidis 
ing conditions. Hence, it is both simpler to operate, cheaper 
and safer than existing processes. 
According to the present invention we provide a proc 

ess for the polymerisation of at least one cyclic ole?n con 
taining 4, 5 or 7 or more ring carbon atoms, in the sub 
stantial absence of polar compounds and under non-oxi 
dising conditions by means of a ctalyst comprising: 

(a) A halide or oxyhalide of molybdenum or tungsten, 
wherein the oxidation state of the metal is 4, 5 or 6 and 

(b) An aluminium trihalide. 
Examples of suitable (a) components are tungsten hexa 

chloride, tungsten pentachloride, tungsten hexabromide, 
tungsten oxytetrachloride, molybdenum pentachloride and 
molybdenum oxydichloride. The ?uorides of tungsten or 
molybdenum maybe used but their use is not desirable 
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because they are generally volatile and/or readily hy 
drolysed. The tungsten or molybdenum compound is pref 
erably but not essentially soluble in the reaction medium. 
For this reason molybdenum pentachloride and particu 
larly tungsten hexachloride, are especially suitable. 

Examples of component (b) of the catalyst system are 
aluminium tribromide and aluminium triiodide. Of these 
aluminium tribromide is preferred because of its solu 
bility and stability. Aluminium trichloride which has been 
made at least partially soluble in the reaction medium by 
formation of an adduct with a polar compound may also 
be used. By partial solubility we mean that the aluminium 
trichloride has been rendered sufficiently soluble for the 
solution of the adduct to catalyse the polymerisation. It 
is preferred that such an adduct be completely soluble 
since an incompletely soluble adduct leads to di?iculties in 
controlling the reaction because of polymer build-up on 
the insoluble portion. Examples of suitable polar com 
pounds for rendering soluble the aluminium trichloride 
are dialkyl, diary], or alkyl aryl ethers or thioethers, ali 
phatic, aromatic or aliphatic-aromatic nitrile or tertiary 
amine-s. Generally equimolar quantities of the polar com 
pound and the aluminium trichloride are used in prepar 
ing the adducts. (In this speci?cation unless otherwise indi 
cated “alkyl” includes aralkyl.) Particularly suitable com 
pounds are di-n-butyl ether, diisoamylether, methyl, ortho 
tolyl ether, anisole and alkyl substituted anisole. 
The presence of an inert solvent as the reaction me 

dium is desirable, although not essential, since in this way 
the reaction can be moderated and heat dissipated. In 
some cases however the monomer(s) may be used alone 
as the reaction medium. Examples of suitable additional 
solvents are hexane, cyclohexane, isooctane, benzene, tolu 
ene and chloroform. 
The molar ratio between component (b) and compo 

nent (a) should generally be in the range 0.1:1 to 100:1, 
preferably 1:1 to 50:1. The molecular Weight of the 
product is controlled by varying the concentration of 
component (a) with respect to the monomer(s). It has 
been found that the lower the concentration of this com 
ponent the higher is the molecular weight of the polymer 
and generally to obtain a polymer of molecular weight not 
exceeding 200,000, a component (a) concentration of 
from about 10 to 20 m. moles per litre of monomer are 
very suitable. Variation of the ratio of the catalyst com 
ponents markedly affects the rate of reaction higher com 
ponent (b) concentrations leading to faster reactions. The 
monomer(s) and catalyst components can be mixed in any 
order. 
The process is generally carried out at a temperature 

from —50° C. to 100° C. preferably 10° C, to 80° C. 
and at an absolute pressure of from 1-5 atmospheres. 
Under these conditions rapid polymerisations with a high 
conversion to high molecular weight products occur. 
The process described herein, unlike those previously 

described, must be carried out in the substantial absence 
of polar compounds such as water, ethers, oxygen, alkali 
metal salts, peroxides, ketones, alcohols, etc. Those in 
the art will appreciate that these are conditions similar 
to those demanded for the so-called Ziegler-Natta cat~ 
alysts. However the catalysts described in the present in~ 
vention do not contain compounds with a metal-carbon 
or a metal-hydrogen bond. 
The cyclic ole?ns which may be polymerised and co 

polymerised in the process of the invention contain 4, 
5 or 7 or more ring carbon atoms. The invention does not 
apply to cyclic ole?ns having 6 membered rings on ac 
count of their exceptional stability. By variation of the 
ring size, the number and position of the carbon-carbon 
double bonds and the substituents on the ring, a variety 
of products maybe obtained and these may have different ~ 
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degrees of unsaturation. Examples of mono-unsaturated 
ole?ns which may be polymerised using this catalyst are 
cyclopentene, cycloheptene, cyclooctene and cis- or trans 
cyclododecene. Examples of suitable polyunsaturated ole 
?ns are cis, cis-1,5-cyclooctadiene and cis, trans, trans 
1,5,9-cyclodedecatriene. Commonly such ole?ns have up 
to 20 ring carbon atoms. These and higher cycloole?ns 
may be prepared using conventional techniques e.g. oli 
gomerization, condensation or cyclization. 
On polymerisation the carbon-carbon double bond(s) 

in the monomer is or are retained in the ?nal polymer 
and depending on the ring size and the number of such 
bonds in the monomer it is possible to prepare polymers 
having different carbon chain lengths between the unsat 
urations. Thus, for examples, polymers prepared from 
cis, cis-1,5-cyclooctadiene are identical to polybutadiene 
with no 1,2-(vinyl) structures present, a predominance ‘of 
cis 1,4 structures being observed. Similarly polymerisa 
tion of cis, trans, trans-1,5J9-cyclododecatriene gives a 
polybutadiene having a predominance of trans-1,4 struc 
tures with no pendant vinyl groups, and cis-cyclododec 
ene-l gives a product which corresponds to an ethylene 
butadiene copolymer. 
Where the cyclic ole?n contains more than one carbon 

carbon double bond, as for example in 1,5-cyclooctadiene, 
rubbery products soluble in the reaction medium are gen 
erally obtained if these bonds are non-conjugated. Con 
versely, cyclic ole?ns containing conjugated double bonds 
generally yield plastic or powdery products, insoluble in 
the reaction medium. 
The ring carbon atoms of common cyclic ole?ns have 

hydrogen atoms attached thereto and such ole?ns yield 
unbranched products. Ole?ns having ring carbon atoms‘ 
with other atoms or radicals attached may be used in 
the process of the invention. These substituents must not 
be so bulky as to hinder sterically the polymerisation 
reaction. Thus, examples of suitable substituents are hy 
drocarbyl groups and halogens. Selection of these sub 
stituents must be such that at the double bond(s) there 
occur units of the formula: 

where R1 to R6 are hydrogen or hydrocarbyl groups or 
halogen and the total number of carbon atoms in the 
substituent groups does not exceed 12, and preferably 
does not exceed 2. 

In one embodiment of the invention we provide un 
saturated polymers of which 50% or more of the chain 
carbon atoms are contained in isobutylene 

\ 3.7 
units obtained by the polymerisation of a cyclic ole?n 
having 4, 5 or 7 or more ring carbon atoms and con 
taining at least one such isobutylene unit and not more 
than one carbon-carbon double bond for every such unit. 
Such polymers generally have from 1 to 4 carbon-car 

bon double bonds for every 60 carbon atoms in the poly 
mer chain and may be prepared from cyclic ole?ns having 
up to 100 ring carbon atoms. Polymers prepared from 
ole?ns having up to 12 ring carbon atoms are relatively 
unsaturated and are comparable with conventional buta 
diene and isoprene (co) polymers whereas those prepared 
from mono-ole?ns having at least 14 ring carbon atoms 
are more highly saturated and are comparable with, for 
example, the known butyl and ethylene-propylene rubbers. 

Particularly interesting products may be obtained by 
polymerisation of cyclic ole?ns consisting of units A 
and B: 
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where R1 to R6 are hydrogen or hydrocarbyl groups or 
halogen and the total number of carbon atoms in the 
substituent groups does not exceed 12, and preferably 
does not exceed 2. Of especial interest are polymers ob 
tained from such cyclic ole?ns of which, in the unit(s) 
B, either all the groups R1 to R6 are hydrogen or the 
group R3 is methyl and R1, R2 and R4 to R6 are hydrogen. 
An example of such polymers is that obtained from the‘ 
polymerisation of 4, 4, 6, 6- or 5, 5, 6, 6-tetramethyl cyclo 
octene (i.e. where all the groups R1 to R6 of unit B above 
are hydrogen) which corresponds to an isobutylene-‘buta 
diene polymer contained in a molar ratio of 2 to 1. Simi 
larly polymerisation of the same monomer but having 
a methyl group attached to the double bond (i.e. where 
the group 'R3 of unit B above is methyl and R1, R2 and 
R4 to R6 are hydrogen) yields a product corresponding 
to an isobutylene-isoprene polymer in a molar ratio of 
2 to 1. By polymerization of ole?ns having, for example, 
29 units of type A above and one of type B it is possible 
to obtain an isobutylene polymer having one unsaturation 
for every 60 carbon atoms. 

In this aspect of the invention the polymerisation of 
the speci?ed cyclic ole?ns may be brought about using 
the catalysts described above comprising a tungsten/ 
molybdenum halide or oxyhalide and aluminium trihalide, 
or there may be used other processes for polymerising 
cyclic ole?ns such as those described in the above men 
tioned U. K. patent speci?cations Nos. 1,062,367 and 
1,043,360. 
The following examples illustrate the invention (Exam 

ples 7 and 8 are included for comparison): 

EXAMPLE 1 

The experiment was carried out in a 1 pint crown 
capper pressure bottle which had been thoroughly dried 
and ?ushed with anhydrous oxygen-free nitrogen. To a 
solution of 10 ml. (82 mmole) of cycloocta-1,5-diene in 
50 ml. dry, oxygen-free hexane contained in the bottle 
was added 0.14 mmole WCls and 0.50 mmole AlBr3. 
After one hour at room temperature the polymerisation 
was terminated by adding methanol and the polymer was 
precipitated using a mixture of acetone and methanol. 
After drying at 40° C. in vacuo the yellow, tacky rubberv 
weighed 2.2 gm. (25% conversion). The infra-red showed 
the polymer to be polybutadiene and to have the fol 
lowing microstructure as determined from the infra-red 
spectrum according to the method of L. Hampton, 
Analytical Chemistry, 1949, 21 923: cis 1,4 76%, trans 
1,4 24%, vinyl 0%. The dilute solution viscosity (DSV) 
determined as a 0.1% w./v. solution in benzene at 25 ° C. 
was 1.5 which corresponds to a molecular weight of ap 
proximately 98,000. The gel content was 0.1% w./w. 
which was determined by shaking the polymer in benzene 
(0.5% solution) in a ?ask in a water bath at 25° C. for 
2 days and then ?ltering through very ?ne gauze. 

EXAMPLE 2 

The method of Example 1 was used except that the 
catalyst quantities were 0.175 mmole WCI6 and 0.50 
mmole AlBr3. The polymerisation was stopped as before 
and the polymer precipitated. 3.4 gm. (38%) of slightly 
tacky rubber was obtained having the microstructure cis 
1,4 75%, trans, 1,4 25%, vinyl 0%. It had D.S.V. 1.0 
(EM- W. of approximately 59,000) and the gel content 
was 0.8%. 

EXAMPLE 3 

Under the conditions used in Example 1, 0.035 mmole 
WCls and 0.50 mmole AlBra were added to 82 mmole 
cyclooctadiene in hexane. A rapid reaction commenced 
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evolving heat. The solution became very viscous and was 
solid after onehour. Isolation of the polymer (8.8 g., 
100% yield) showed that it had a high molecular weight 
(DSV 5.0), (EM-W. of approximately 450,000). The 
microstructure was cis-1,4 85% trans 1,4 15% vinyl 
0.0% and the gel content was 2%. 

EXAMPLE 4 

The same procedure as in Example 1 was used except 
that cis, trans, trans, 1,5,9 cyclododecatriene was used as 
monomer (16.2 g., 100 mmole). The polymer produced 
(5.2 g. 30% yield) was rubbery and infrared spec 
troscopy showed it to be polybutadiene of microstructure 
cis-1,4 30%, trans-1,4 70%, vinyl 0.0%. It had D.S.V. 2.0 
(EM-W. approximately 141,000) and gel content 1%. 

EXAMPLE 5 

The procedure as in Example 1 was used except that 
a mixture of 100 mmoles (11.2 g.) cis, 1,5 cyclooctadiene 
and 100 mmoles (16.2 g.) ics, trans, trans 1,5,9-cyclodo 
decatriene were used as comonomers. The reaction prod 
uct (8.6 g.) was polybutadiene with a microstructure of 
cis 1,4 49%, trans 1,4 51% vinyl 0.0%. The mother 
liquor from the polymerisation was carefully distilled and 
7.1 g. cyclooctadiene and 11.7 cyclododecatriene were 
recovered. This together with the microstructure clearly 
indicate that copolymerisation had occurred. The product 
had a D.S.V. of 2.2 (M.W.Eapproximately 142,000) and 
a gel content of 0.9%. 

EXAMPLE 6 

The procedure of Example 3 was used except that cis 
cyclododecene-1 (100 mmole, 16.6 g.) was used in place 
of cyclooctadiene. The product (8.9 g. 53% conversion) 
was a rubber which had the infrared spectrum of an 
ethylene-butadiene copolymer containing 80 moles per 
cent ethylene and 20 moles percent butadiene. The buta 
diene portion had the microstructure cis-1,4 80%, trans 
1,4 20%. The D.S.V. was determined in‘ cyclohexane at 
30° at 2.2. Gel content was 3%. 

EXAMPLE 7 

The procedure of Example 1 was used except that no 
tungsten hexachloride was used. No polymer was pro 
duced. . 

EXAMPLE 8 

The procedure of Example 1 was used except that no 
aluminium bromide was used. No polymer was pro 
duced. 

EXAMPLE 9 

6.66 ml. of cyclooctadiene-l,5 was added to 16.94 ml. 
of cyclohexane in a glass bottle which had been dried 
and ?ushed as in Example 1. To this was added 1.67 
mmoles per litre of monomer-l-solvent of tungsten oxy 
tetrachloride which had been premixed for 24 hours with 
33.4 mmoles per litre of monomer of‘ a 1:1 molar adduct 
of aluminium trichloride and anisole. After 65 minutes 
at 20° C. a slightly viscous solution was obtained. On 
terminating the reaction and drying the product as in 
Example 1 a colourless sticky material was obtained. 

EXAMPLE 10 

Example 9 was repeated except that the catalyst com 
ponents used were tungsten oxytrichloride (21.9 mmoles 
per litre of monomer) and an aluminium trichloride-ani 
sole 1:1 adduct (102.0 mmoles per ‘litre of monomer). 
These were added directly to the monomer, the cyclo 
hexane solvent being omitted. After 21/: minutes at room 
temperature the reaction was terminated as in Example 
1 and the product isolated and dried. Conversion to 
polymer was 15% and the product had the microstructure 
cis 1,4 84% trans 1,4 16% vinyl 1,2 0%, a D.S.V. of 
2.9 and on analysis was found to contain no chlorine. 

If the above examples are repeated using molybdenum 
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pentachloride as component (a) instead of the tungsten 
compound, essentially similar results are obtained. 
What we claim is: 
1. A process for the polymerisation of at least one 

cyclic ole?n containing 4, 5 or 7 or more ring carbon 
atoms in the absence of polar compounds and under non 
oxidising conditions by means of a catalyst comprising: 

(a) a halide or oxyhalide of molybdenum or tungsten, 
wherein the oxidation state of the metal is 4,5 or 6 
and 

(b) an aluminium trihalide. 
2. A process according to claim 1 wherein component 

(a) of the catalyst system is a halide or oxyhalide of 
tungsten of oxidation state six (WVI). ' 

3. A process according to claim 1 wherein the molyb 
denum or tungsten halide or oxyhalide is tungsten hexa 
chloride, tungsten pentachloride, tungsten hexabromide, 
tungsten oxytetrachloride, molybdenum pentachloride or 
molybdenum oxydichloride. 

4. A process according to claim 1 wherein the alumi 
nium trihalide is aluminium tribromide or aluminium tri 
iodide. 

5. A process for the polymerization of at least one 
cyclic ole?n containing 4, 5, or 7 or more ring carbon 
atoms under non-oxidizing conditions by means of a cata 
lyst comprising (a) a halide or oxyhalide of molybde 
num or tungsten, wherein the oxidation state of the metal 
is 4, 5, or 6 and wherein the aluminium trichloride which 
has been made at least partially soluble in the reaction 
medium by formation of an adduct with a polar com 
pound. 

6. A process according to claim 5 wherein the polar 
compound is a dialkyl, diaryl or alkyl aryl ether or thio 
ether, an aliphatic, aromatic or aliphatic-aromatic nitrile 
or tertiary amine. 

7. A process according to claim 6 wherein the polar 
compound is di-n-butyl ether, diisoamyl ether, methyl 
orthotolyl ether, anisole or an alkyl substituted anisole. 

8. A process according to claim 5 wherein the alumi 
nium trihalide is an adduct of aluminium trichloride with 
an eqnimolar quantity of anisole which adduct is soluble 
in the reaction medium. 

9. A process according to claim 1 wherein the molar 
ratio of component (b) to component (a) is 0.1:1 to 
100:1. 

10. A process according to claim 1 wherein the molar 
ratio of component (b) to component (a) is 1:1 to 50:1. 

11. A process according to claim 1 wherein the cyclic 
ole?n contains 5 or 7 to 20 ring carbon atoms. 

12. A process according to claim 11 wherein the cyclic 
ole?n is cyclopentene, cycloheptene, cyclooctene, cis or 
trans cyclododecene cis, cis 1,5-cyclooctadiene or cis, 
trans trans 1,5,9-cyclododecatriene. 

13. A process according to claim 11 wherein the cyclic 
ole?n is cyclopentadiene, cycloheptatriene or dicyclopenta 
diene. 

14. A process according to claim 1 wherein the polymer 
isation is carried out in an inert solvent. 

15. A process according to claim 1 in which the solvent 
is hexane, cyclohexane, isooctane, benzene, toluene or 
chloroform. 

16. A process according to claim 1 wherein the polym 
erisation is carried out at a temperature from —50° C. 
to 100° C. 

17. A process according to claim 16 wherein the tem 
perature is from 10° C. to 80° C. 

18. A process according to claim 1 wherein the po 
lymerisation is carried out at an absolute pressure of 
from 1 to 5 atmopheres. 

19. A process according to claim 5 wherein the polar 
compound is di-n-butyl ether, diisoamyl ether, methyl 
orthotolyl ether, anisole or an alkyl substituted anisole. 

20. A process according to claim 1 wherein there is 
employed a cyclic ole?n containing at least one isobutyl— 
ene unit 



and not more than one carbon double bond for every 
such unit to produce a polymer containing at least 50% 
of the chain carbon atoms in isobutylene unit. 

21. A process according to claim 20 wherein the cyclic 
ole?n employed provides 1 to 4 carbon-to-carbon double 
bonds for every 60 carbon atoms in the polymer chain. 

22. A process according to claim 20 wherein the cyclic 
ole?n employed has up to 100 ring carbon atoms. 

23. A process according to claim 20 wherein the cyclic 
ole?n employed has at least 14 ring carbon atoms. 
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